Laser-induced fluorescence (LIF) spectroscopy is an efficient tool for the detection of low nitric oxide (NO) concentrations down to the parts per trillion (ppt) range. The isotopic selectivity of this method provides a broad potential of applications. 
Introduction
Nitric oxide (NO) plays an important role in a multitude of processes in the atmosphere, mammalian physiology, plants, bacteria [1] and soils [2] . As a product of biomass and fuel combustion processes NO participates in the ozone formation of the lower troposphere and ozone depletion in the stratosphere [3] . In the human body it takes part in blood pressure regulation, immune defence, memory of the brain and many other processes [4, 5] . Plants utilise NO as a multifarious signal molecule in growth and differentiation processes [6] [7] [8] . Concentration measurement of exhaled NO is a well-established procedure for monitoring inflammatory diseases such as asthma [9, 10] . Commercial detection devices achieve detection limits of about 1 parts per billion (ppb), but are not able to differentiate between isotopologues. In contrast, we apply laser-induced fluorescence (LIF) spectroscopy which offers an isotope specific detection of NO with a time resolution of 20 ms and detection limits about 10 parts per trillion (ppt) [11] . The isotopic selectivity of this method has been used by Lauenstein and Gericke [12] for time resolved characteristics of exhaled Table 1 displays an overview of all stable isotopologues of NO and its natural fractions. The evaluation of REMPI measurements reveals some areas in the NO γ (0,0)-band system where detection of 14 N 18 O transitions is possible and not interfering with transitions of other isotopologues. Subsequently, these areas have been studied with a LIF spectroscopy experiment. The LIF device is more flexible for the online investigation of biological samples with a theoretical detection limit for NO below 0.1 ppt [17] . The following chapter provides an overview of the REMPI TOF device and the additionally used LIF setup. Furthermore, the transitions have been used for the online observation of 14 N 18 O in exhaled human air, and the detection limit for this isotopologue in LIF measurements has been determined.
Experimental section
A detailed description of the (1+1)-REMPI-TOF experimental setup can be found elsewhere [18] . The device consists of a home-built single-field TOF spectrometer with a total length of 0.57 m and a ratio of the acceleration region to the drift region of 1:2. The spectrometer is evacuated to a base pressure of 10 −6 mbar by a 360 L/s turbo molecular pump and a 500 L/s oil diffusion pump. The LIF device was operated with the same laser system as mentioned above for the REMPI experiments. Separation of the first and second harmonic is accomplished by a single PELLIN-BROCA prism. A detailed description of the experimental setup can be found in [11] , a brief overview over the experimental LIF setup is given in Figure 1 . We excite the
The beam is directed to a LIF chamber with BREWSTER windows. The f1 detection optic collects NO fluorescence from
(v = 2, J ) around 247 nm perpendicular to the incoming beam and focuses it on a side-on photomultiplier (PM) (Hamamatsu R3788). The fluorescence is spectrally filtered by a bandpass filter (Andover Corporation 248FS10-50). The PM signal is processed by a boxcar with 50 input resistance and recorded by a LabVIEW program after analogue/digital conversion.
The mass-flux system for the chamber is able to provide online measurements of arbitrary air samples. It consists of two mass flow controllers (MKS Instruments 1179A) operated by a control unit (MKS Instruments PR4000) and a pressure controller (MKS Instruments 250E) for dynamic mass flows employing a capacity pressure gauge head (MKS Instruments Baratron 221 AHS-D-100) and an electromagnetic valve (MKS Instruments 248A). The valve and an optional bypass for handling larger mass flows are connected to a piston pump (Pfeiffer Vakuum XtraDry 150-2). A home-built breath mask with a nitrogen-rinsing device can be applied for monitoring breath profiles of exhaled air.
Results and discussion
The REMPI experiments have been performed with pure NO at pressures about 5 · 10 18 O transitions have been observed further by LIF spectroscopy. The measuring chamber was filled with 2.5 ppm NO in N 2 (certified 2.5 vol. ppm NO in N 2 , WestfalenAG, uncertainty 5%) at 12 mbar. With PM voltages of 1400 V we measured in detail three regions with a resolution of 0.5 pm. Each region has been measured 10 times. After averaging and fitting of multiple Gaussian curves, the result has been compared to simulated spectra. 
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show the measured and calculated spectra. All lines can be assigned. The simulation has been performed by the program Pgopher [19] . A list of constants for simulation is given in 
with
c as the speed of light in vacuum and h as the Planck constant. The I value is a function of the reduced mass μ of the isotopologue and the intermolecular distance R. The assumption of equal R for different isotopologues 1 and 2 yields (J ) . While detecting the fluorescence, a dynamic mass flux is diluted stepwise for the determination of the detection limit. This is done by a mass flow controller adjusted mixture of nitrogen and 2.5 ppm NO in nitrogen mass fluxes. The detection limit is characterised by a fluorescence signal-to-noise ratio of 2 at 7.3 ± 1.8 ppt. The calculation of the 14 N 18 O concentration from the 2.5 ppm NO mixture has been accomplished under assumption of natural isotopic distribution. This has been circumstantiated by strength comparison of identical transitions for different isotopologues giving the ratios of natural distribution.
As an application for 14 N 18 O detection the well-established breath analysis has been chosen. Exhaled air contains about 1200 compounds and trace gases [21] . Especially with respect to isotope-selective detection in online breath measurements cross-sensitivities should be excluded. The laser-line width of the applied device is about 15 GHz which is sufficient for the resolution of nearby transitions from different isotopologues. Because of very low concentrations from both, NO and trace-gases, reactions reducing the NO concentration as well as photochemical generation of NO are negligible. The measured spectra are in excellent agreement with the calculated ones showing that there is no fluorescence from other trace gases.
A detailed description of the device for breath analysis has been given before [11] . The respiration-mask is used for a non-invasive online observation of exhaled air. With mass fluxes about 1200 sccm per minute the measuring chamber is rinsed with nitrogen during inhalation periods. With a maximum resolution of 20 ms it is possible to observe both single exhalation profiles and long time profile evolution. A section from these measurements is shown in Figure 7 in grey. A laser pulse repetition rate of 10 Hz has been applied. The boxcar averaging was set to 3 laser-shots. An average of 30 laser-shots has been applied for the black line. Beginning (<80 s) and end (>350 s) of this experimental run reflects noise from pure nitrogen measurements. Absolute concentrations are given by application of the standard addition method on exhaled air in collection bags and by comparison with the signal integral of a single exhalation cycle [11] . The averaged concentration of exhaled 14 
